Human osteosarcoma (HOS) is the most common malignancy in children and adolescents and has a heterogeneous presentation and high mortality. Previous studies have shown that microRNAs contribute to RNA silencing and post-transcriptional regulation of gene expression. Here, we showed that significantly increased expression of miR-765 with or without CDDP (Cisplatin) down-regulates APE1 expression and angiogenesis-related markers (VEGF, FGF2, TGFβ, and CD34). Further investigation showed that miR-765 modulates osteosarcoma cell migration and angiogenesis following treatment with cisplatin in vitro and in vivo. MiR-765 increases the anti-angiogenic effect of CDDP in human osteosarcoma. Elucidation of the mechanism of the miR-765-APE1 axis in tumor progression of HOS will be beneficial in identifying biomarkers and therapeutic target of osteosarcoma.
Introduction
Human osteosarcoma (HOS) is the most common malignancy in children and adolescents and has a heterogeneous presentation and high mortality [1] . HOS pathogenesis involves gene alterations caused by genetic instability and DNA damage repair [2] . Apurinic/apyrimidinic endonuclease1 (APE1) has a dual function in DNA repair and redox gene regulation and maintains DNA binding activity through several cellular pathways [3] . Previous studies have shown that APE1 expression is increased in the variety of cancers, including osteosarcoma, gastric cancer, lung cancer and prostate cancer, and is linked to poor prognosis partly due to resistance to chemotherapeutic agents, such as cisplatin or methyl methanesulfonate [4] [5] [6] . APE1 has a pivotal role in DNA repair processes and modulates the base excision repair (BER) pathway, influencing the sensitivity to chemotherapy in tumor cells [3] . Wang et al. [6] reported that inhibition of APE1 enhances the antitumor efficacy of cisplatin in non-small-cell lung cancer. Other researchers showed that an APE1 inhibitor suppressed epithelial-mesenchymal transition (EMT) in lung cancer [7] . Studies have shown that APE1 and osteosarcoma angiogenesis is closely related, and can regulate the angiogenesis of osteosarcoma by regulating TGFβ or FGF2 [8, 9] .Thus, we hypothesized that APE1 is involved in apoptosis, angiogenesis, and other biological activities.
MicroRNAs (miRNAs) are single-stranded non-coding RNA molecules containing [18] [19] [20] [21] [22] [23] [24] [25] nucleotides that regulate the variety of genes during multiple eukaryotic processes [10] . By binding to the 3' untranslated region (3'UTR) of target genes, miRNAs mediate differentiation, apoptosis and proliferation by inhibiting mRNA translation of related genes [11] . Based on our previous results showing that the miRNA expression profile was altered after transfection with APE1 siRNA in human
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International Publisher osteosarcoma, we investigated the role of the miR-765-APE1 axis in the regulation of osteosarcoma following cisplatin treatment [12] . There are currently reported in the literature that cisplatin-induced resistance is mediated by miR-21-3p in ovarian cells [13] , and miRNA-21 increases cisplatin sensitivity of osteosarcoma by repressing the expression of Sprouty2 [14] . In addition, miR-765 as a regulatory point in the treatment of prostate cancer patients after treatment of fulvestrant, the impact of prostate cancer generation, migration and invasive ability [15] . However, there is a litter study regarding the association between anti-angiogenic effect of cisplatin and miR-765.
To explore the correlation of APE1 and miRNA, our previous study examined knockdown of APE1 in bone sarcoma HOS cells and differentially expressed miRNAs using high-throughput miRNA chip technology in our laboratory. The results showed that (1) miR-765 was significantly increased (enhanced>5 times); (2) bioinformatics prediction identified miR-765 binding sites in the APE1 3'UTR, and this miRNA may regulate APE1. Clinical osteosarcoma samples showing increased miR-765 expression demonstrated APE1 protein suppression using immunohistological staining. Therefore, we hypothesized that miR-765 regulation of the APE1 pathway in human osteosarcoma mediates cisplatin treatment.
Results

MicroRNA-765 expression is negatively correlated with the expressions of APE1, VEGF, FGF2, TGFβ and CD34 in osteosarcoma tissues
MiR-765 and APE1, VEGF, FGF2, TGFβ, CD34 in order to investigate potential relevance in patients with osteosarcoma by 43 cases (Table 1) of osteosarcoma tissue for immunohistochemistry and in situ hybridization to complete. Images of ISH and IHC staining positive and negative for miR-765, APE1, VEGF, FGF2, TGFB, CD34 expression in osteosarcoma patients are shown in Figure 1 . Spearman's rank correlation analysis showed that the expressions of miR-765 and APE1, VEGF, FGF2, TGFβ, CD34 were negatively correlated (P<0.05, Table 2 ). MicroRNA-765 in combination with cisplatin inhibits expressions of APE1, VEGF, FGF2, and TGFβ in osteosarcoma cells.
MicroRNA
To assess the role of miR-765 in the regulation of various proteins following cisplatin treatment in 9901 cells by Western blot and RT-PCR, we measured the levels of APE1, VEGF, FGF2 and TGFβ and showed that they decreased after transfection with miR-765mimic and treatment with cisplatin compared to the control group. As shown in Fig. 2 and 3 , in 9901 cell lines, the protein and RNA expression level of APE1, VEGF, FGF2 and TGFβ in miR-765mimic transfected and cisplatin-treated group was significantly lower than that in miR-765mimic group, simple cisplatin treatment group and blank control group (P < 0.001). The above experiments show that miR-765mimic can significantly inhibit the expression of APE1, so we propose that miR-765 through APE1 can enhance the anti-angiogenic effect of cisplatin in osteosarcoma. The combination of microRNA-765 and cisplatin suppresses the capability of HUVEC migration and tube formation of tumor cells
To explore the effects of miR-765 combined with cisplatin in inhibiting tumor angiogenesis, transwell migration and tube formation assays were performed. As shown in Figure 4 a and b, migrations of HUVEC in the miR-765mimic and cisplatin treatment group was significantly less than in the blank control group, with a reduction level of 79.6% (P < 0.001). Secondly, the formation of capillary tube showed that the capillary-like structure formed in miR-765mimic combined with cisplatin treatment group was less than other groups ( Figure 4 c and d, P < 0. 01), indicating that miR-765 inhibits HUVEC migration and tube formation in vitro.
Synergetic treatment of microRNA-765 and CDDP reduces xenograft tumor angiogenesis in vivo
We established 9901 xenograft mice to assess the effects of miR-765 and cisplatin combined treatment in suppression of angiogenesis in vivo. The mice were treated with vehicle alone, miR-765, CDDP plus miR-765 agomir, and CDDP plus scramble agomir. The xenograft tumor size was measured; as time increased, the group treated with miR-765 agomir + CDDP showed inhibited tumor growth compared to the other groups (P<0.05). Additionally, the xenograft tumor weight in the miR-765 agomir + CDDP group was lower than the other groups (P<0.05) ( Figure 5 b and c). After the mice were sacrificed, tumor sections were analyzed using immunohistochemistry with a variety of antibodies (Figure 6 a) . As expected, the expression levels of APE1, VEGF, FGF2, TGFβ, and CD34 were significantly lower in the miR-765 agomir plus CDDP treatment group (63.6%, 50.9%, 59.7% and 62.9%, respectively) compared to the control group ( 
Discussion
MicroRNAs have roles in RNA silencing and post-transcriptional regulation of gene expression. MiRNA profile-based screening assays have been performed in early-stage colorectal cancer and human osteosarcoma to identify their targeted genes for analysis of patient prognoses [16, 17] . Our previous study identified seven up-regulated and six down-regulated miRNAs after analysis of APE1 expression in osteosarcoma [12] . One of up-regulated miRNAs, hsa-miR-765, was selected from the microarray and confirmed by RT-PCR, followed by analysis with bioinformatics methods in APE1 knockdown HOS cells [12] . A combination of surgery and chemotherapy is the current treatment for osteosarcoma, which is most common primary bone malignancy [2] . Resistance to the standard chemotherapies, such as methotrexate, doxorubicin, and cisplatin, is a major challenge in the treatment of osteosarcoma patients [1] . Thus, in this study, we investigated the impact of miR-765 on the anti-angiogenic effect of cisplatin. Several studies have shown the impact of miR-21 on sensitivity of osteosarcoma-derived cells towards chemotherapies [18] . MicroRNAs are critical oncomiRs in tumorigenesis, and their expression has been shown to be up-regulated in breast carcinoma [19] . Our previous study found increased oncomiRs in HOS cells, and these were involved in APE1 pathways related to carcinoma developmental processes, regulation of cellular processes and signaling in cancers [12] . In previous studies we found that miR-765 and APE1 have targeted binding sites, miR-765 can inhibit the DNA damage and redox functions of APE1 and furthermore influencing the APE1 regulated chemotherapy sensitivity in osteosarcoma. Based on our data, we hypothesized that miR-765 suppresses the expression of APE1, VEGF, FGF2 and TGFβ in osteosarcoma cells after treatment with cisplatin. Furthermore, the results showed that a combination of miR-765 and cisplatin inhibited osteosarcoma cell migration and microvascular tube formation, indicating that miR-765 enhanced the anti-angiogenic effect of cisplatin in osteosarcoma. Using in vivo experiments, we showed that synergistic treatment of miR-765 and CDDP significantly reduced tumor volume and expressions of APE1, VEGF, FGF2 and TGFβ in vivo. To detect the anti-angiogenic effects on xenograft tumors in vivo, we stained the samples for CD34 expression and revealed that CD34 was lower in tumors compared to the control groups following exposure to a combination of miR-765 and CDDP.
An APE1 inhibitor, AT101, was used to enhance 5-Fu treatment in non-small cell lung cancer in one study [20] . APE1 expression regulation has been shown to be involved in treatment of various cancers [5, 6, 20, 21] . APE1 down-regulation increased chemotherapeutic sensitivity of cancer cells [20, 21] . Other studies indicated that APE1 levels influenced the sensitivity to radiation and chemotherapy in cancer treatment strategies [20, 22] . The dual function of APE1 in DNA repair, and redox has been explored as a mechanistic target of APE1 inhibitors [23] . However, the role of the oncomiR-APE1 axis in treatment of and the effects of microRNA and CDDP combined treatment osteosarcoma has been poorly studied. Thus, our report results provide strong evidence that miR-765 up-regulation enhanced the anti-tumor effect of cisplatin treatment of human osteosarcoma.
In conclusion, exogenous miR-765 induced APE1, VEGF, FGF2 and TGFβ expressions in osteosarcoma cells. Further investigation showed that miR-765 modulates osteosarcoma cell migration and angiogenesis in vitro and in vivo following treatment of cisplatin. The study of the miR-765-APE1 mechanism in tumor progression of HOS will help to identify biomarkers and therapeutic targets of osteosarcoma.
Materials and Methods
Clinical cases
The 43 osteosarcoma patients were treated in Daping Hospital (Chongqing, China) between 2009 and 2013. We assessed the content of the tumor samples by hematoxylin and eosin stain and only evaluated tumor tissue samples containing more than 60%. All of these samples were used after surgery and were fixed in 10% formalin immediately and then stored at room temperature for approximately 24 hours. Tumor samples were fixed, dehydrated and incubated in xylene and then underwent paraffin infiltration and were finally embedded in paraffin. The study was approved by the Ethics Committee of Daping Hospital and Research Institute of Surgery.
Cell lines and cell culture
The 9901 cells were donated by Prof. Qingyu Fan (Fourth Military Medical University, Xian, China) and cultured in RPMI-1640 (HyClone Laboratories Inc., Utah, USA) with 10% FBS. HUVECs (ATCC, Manassas, VA, USA) were grown in DMEM (HyClone) with 10% FBS. 
RT-PCR analysis
Total RNA was isolated from cells and fresh tissues using TRIzol reagent (Invitrogen) according to the manufacturer's protocol. The primer sequences for the genes are as follows:
APE1 forward, 5'-CCGAATTCATGCCGAAGC GTGGGA-3'; reverse, 5'-TCGAGTCACAGTGCTAGG TATAG-3'; VEGF forward: 5'-GCTACTGCCATCCAATCG AG-3'; reverse: 5'-GGTTTGATCCGCATAATCTGCA T-3'; FGF2 forward: 5'-AGAAGAGCGACCCTCACA TCA-3'; reverse: 5'-CGGTTAGCACACACTCCTTTG-3'; TGFβ, forward, 5'-CCAAGCTTATGCCGCCCT CCGGGC-3'; reverse, 5'-GCGTCGACCAGCTGCACT TGCAGGAG-3'; GAPDH forward, 5'-GCAGGGGGGAGCCAAA AGGGT-3'; reverse, 5'-TGGGTGGCAGTGATGGCAT GG-3'.
Mature miR-765 and the RNU6 endogenous control were analyzed using the TaqMan microRNA Assay Kit (Applied Biosystems, Foster City, CA, USA). The relative expression of miR-765 was normalized against RNU6 expression using the 2 -△Ct method.
Immunohistochemical analysis
All immunohistochemical staining was performed in accordance with standard operating procedures. Tumor tissue sections (RM2235; Leica, Solms, Germany) were 4.5 µm per slide. After addition of the primary antibody, 3, 3'-diaminobenzidine was used as a chromogenic substrate with hematoxylin for counterstaining. The results for APE1, VEGF, FGF2 and TGFβ staining were scored based on the percentage of positively stained cells; scores 0 and 1 were categorized as negative expression, and scores>2 were categorized as positive expression [24] (no positive cells, score 0; ≤10% positive cells, score 1; 11%-25% positive cells, score 2; 26%-50% positive cells, score 3; and ≥51% positive cells, score 4). MVD was defined as all CD34-positive endothelial cells separate from nearby microvessels. Staining analysis was performed under the same conditions by two independent experts.
Transwell migration, Matrigel tube formation assay
The transwell migration assay was performed in 24-well plates, and each transwell chamber had an aperture of 8 µm (BD Biosciences, San Diego, CA, USA). Serum-free DMEM media containing 20000 HUVECs were seeded into the upper chamber. The lower compartment was filled with culture medium that contained 9901 cells treated with OptiMEM I medium, blank control, CDDP, miR-765 mimic and miR-765 mimic + CDDP. After 20 hours of incubation, the migrated cells were counted from four randomly stained areas after they were fixed with formaldehyde, treated with crystal violet, and assessed at 200 × magnification by an optical microscope. The Matrigel tube formation assay, supernatant as indicated above was mixed with 20 µL DMEM containing 20000 HUVECs then transferred to the 24-well plate on the Matrigel matrix separately, followed by incubation at 37°C, 5% CO2, for 12 h. And then count the tube formation at 200 × magnification by an optical microscope.
MicroRNA/vector transfections
MiR-765 mimics and its matched miR-NC and agomir-765 and the matched scramble NC were obtained from RiboBio Co., Ltd (Guangzhou, China). Cisplatin was purchased from Sigma-Aldrich (US). Transient transfections of miRNA mimics (RiboBio) were carried out using Lipofectamine TM 2000 (Invitrogen) according to the manufacturer's protocol; cells were plated for 24 h without antibiotics before the transfections. All miRNA transfections were for 72 hours.
Western Blot
Western blotting protocol was performed as described previously [25] . Primary antibodies included the mouse monoclonal antibodies anti-APE1 (1:5000), VEGF (1:500), FGF2 (1:1000), TGFβ (1:50) and anti-β-Actin (1:2000) , all of the primary antibodies were purchased from Abcam. Visualization was performed using Bio-Rad ChemiDocTM XRS system (Hercules, CA, USA) with enhancedchemiluminescence substrate and the blots were analyzed using Image Lab 3.0 (BioRad, Hercules, CA, USA). Protein level was normalized to the matching densitometry values of the internal control β-actin.
In situ hybridization (ISH) and analysis.
The cellular expression of miR-765 was determined by in situ hybridization, according to the manufacturer's protocol. The 3', 5' DIG-labeled LNA miR-765 antisense probe and LNA scramble control probe were purchased from Exiqo (USA). The DIG blocking buffer and anti-DIG antibody (1:1000) were obtain from Roche (Germany). Scoring was measured by cytoplasmic staining. Based on the scores, patients were further categorized into positive (scores 2 and 3) and negative (scores 0 and 1) expression groups according to ROC curve analysis.
Animal xenograft models
Four groups (n=4 per group) were established with 4-to-6 weeks old BALB/c nude mice. The 9901 cells were cultured at 90% confluence to prepare a cell suspension with 2.0x10 6 cells/100 μl. After subcutaneously inoculating 9901 cells in the left anterior axilla of nude mice, the mice were injected with agomir in the tumor after 8 days (1 nmol each time, once every 4 days, a total of 8 times). When the tumor size was 10 mm, the mice were injected with cisplatin (CDDP, 4 mg/kg) 1 time every 2 days, 3 times total. The tumor size and weight were measured every 4 days.
Follow-up
Patients were followed up after surgery. The OS was determined from the patient records of survival time. The length of survival was later calculated from the date of surgery until either the time of death or the end of follow-up. The survival data in this study were censored on August 30, 2016.
Ethical approval and informed consent
This study was approved by the Ethics Committee of Daping Hospital and it was in accordance with the principles of the Helsinki Declaration. All methods were carried out in accordance with relevant guidelines and regulations. All experimental protocols were approved by a named institutional and/or licensing committee. The informed consent was obtained from all subjects.
Statistical analysis
All the data are expressed as the mean ± S.E. Statistical analysis was calculated by ANOVA, χ 2 test, or Student's t-test using SPSS 21.0 software. Statistical significance was set at P < 0.05 (*).
